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The Technical Quality of Test Items Generated Using a Systematic

Approach to Item Writing

The intrusion of criteflon-referenced testing into the educational

`One

has led to several interesting And potentially useful developments.

One of these developments bias resulted from the call for greater

specificityof item writing ruled and operations if test scores are to

become ipereasingly meaningful. Bormut (1970) was one of the first

tb emphasize the need for such increase specificity. According to

Bormuth, results obtained from tests mode by traditional methods cannot

be used as evidence in deciding issues o f public policy or instructional

theory - because "there is no way to refute or cordial& the results of a study

in which items made by traditional methods were used. The reason for

these proble is that items made in the traditional manner are derived

through private intuit4n of the item writer rather than through a set of

operations open to public inspection" (Bormuth, 1970, p. 7;emphasislilours).

In fesponse Isla. this identified problem Bormuth devised an approach

to item writing which he termed "item transformations." The main purpose

of/the approach was to increase the similarity of achievement test items

written by different item writers to assess student acquisition of the same

objectives. Subsequently, a number okeducatori and testing experts developed

other systematic, explicit. approaches in order to minimize so-called "item

writer bias." Hively et al.'s (1973) ,item forms, Durntn and Scandura's (1973)

algorithmic approach, Popham's (1975) amplified objeCtives, Bea'k's (1978)

mapping sentences, and tiemann and Markle's (1978) concept-based testing
0 4-

represent five of the most potentially useful approaches In a recent review

of.-systematic item writing approaches Roil and Haladyna (1980) endorse the
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'Continued and increased use of these approaches while contending that

,

"Many
.

of the problems of item-writer biap may 14e avoided by employing one
4

,.

of several'domain-based item - generating approaches" (p. 309).

Despite the magni.tude.of the problem identified by Bormuthiand the...

-,,. %

endorseRent by Roid'andHaladyna (4 Systematic itek writing approaches

. , . ....-

as potential solutions to the problem, relatively little research has been

conducted to examine the validity,of Ehe.,endorsement. The research conducted
e

to date had4,dtployed a traditional index of item difficulty aght the dependent

variable paladyna and Roid, 1978). That is, if itemegegerated by different
r

item writers are associated with similar item difftculties,dtem-writer bits

t is said to have been minimized or eliminated_:,

. The use of an index of item difficulty as an indicator of item-writer

bias is problematic fin. at least two.reasons. First, if bias is defined

in terms of the deviation from a ,'true" difficulty, theh similarity of item

, i . . ,,
diffigulaes may or may not indicate the-eamination Of bias; Perhaps both

of the item writers employed in one of-the Haladynaeand Roid studies were equal-

lyand systematically biased. 2If so, livle variation in,the difficulty of

the-resulting,items, would be a likely result. Second, omparison of'the

items thetselves (in addition to sttidents'responses to tie items)'seems

necessary if item- writer bias is to be adequately examined and, ultimately,

explained.

The issue Of item-writer.. bias forNinultiplechoide tests include two
. A \

facets., First, item stcms derived by different item writers from a given

content area should be similar as well as' repiesentative of the content
4;

tasted. Second, response sptiohs should ,he replicable acrossitem writers

while'also mirroring actual student errors.; The present study focuses on

the latter of these two aspects-Of item writer bias.

4
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More specifically, the purposes of the study were to examine 1) the

similarity of response,options generat y different item writers using,a

) systematic approach to item writing, 2) -the similarity of response options

generated by different item writers who were subject matter speci4fists and

had no knowledge of systematic approaches to item writing, and 3) the

similarity of the response options generated by both aforementioned groups

of item writers to student responses for the same item stems presented in

completion,rather than selection, format.

Samples and Procedures

Three samples were included in the study. Two samples consisted of

item writers; a third was composed of sixth grade pupils. ,The two samples

of item writers differed both in terms of their educational background and

in the instructions they received relative to the generation of response op-

tions.

Sample'A consisted of four certified secondary-level teachers holding

Masters degree's in mathematics education. These teachers were instructed to

examine twenty arithmetic exercises (five problems each for addition, sub-

.
traction, multiplication, and diviSion of whole numbers). Based on.their

knofaledge of the way in which sixth grade students learn to work these types

of problems, these item writers were asked to generate response options that

would correspond to errors such students would be likely tomake. Three

incorrect response options were to be gene'rated.for each exercise resulting

in a total of 60 incorrect response options.

Sample B was composed of four undergraduate students enrolled in a

test construction course during the next -to -last semester of their senior

year. All of these students were majoring in early childhood, elementary,

or special education. All had previously completed one course in mathe-
,

o matics education.

't
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One sement of the test construction cburse was devoted to systematic

approaches to item writing. During this Ogment, one ninety-minute class

4
period was spent on Durnin and Scandura' 73) algoiithmic approach.

Briefly, the algorithmic approaCh is based on the assumption that students
A. ...._/' ,

use rules to solve problems. Zy taking account of the rules -- processes
r ,

,4

and decision points -- that students use to Solve problems, a flow chart

can be diagrammed for a given type or category of problems'.

A Four flow charts diagramming procedures for solving additioa, subtrac-
t

tion, pu/xiplication and division problems for whole numbers had.been con-

structed by the instructor of the course. (Each flow chart previously

been validated by a teacher feview process involving at_least three teachers4)

The undergraduate s v is were trained to read the flow'charts. In addi-

.

tion, students(w told that'incorrett response options for math problems

could be generated by utilizing the flow charts. In the derivation of

options; these students were instructed to makeither a process error (an

error in performing a step or specified activity) or a decision point

errof (an error in selecting the appropriate route through the flow chait).

The erroneous process or path was tobe followed until the algOrithm' was

completed, resulting in an incorrect response. Thus, for each pass through

ttflow chart, -a unRlue error wasto be committed. As in the case of the

.

item writers.in Sample A, those in Sample B were instructed to generate

60 response options for the 20 arithmetic exercises.

Sample C consisted of 131 sixth grade pupils enrolled in one of_

mathematics classes. Three different teachers, each teaching tW$.,,c!lkses,

instructed the six classes. The same, textbook was used in all of the

classes. -A completion test consisting of only the 20 arithmetic exercises

was prepared and dittfibuted.to the students. The test directions asked

0,,,
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the students to work each problem anwrite the answer on the test itself.

No time limits were imposed for completion of the test.

Findings Concerning Similarity of Resp'onte Options Generated by Each Approach

Analyses of the response options generated by the item writers using

the algorithmic approach.and.thoSe having subject matter expertise suggest

that neither pproach, independently, yielded very similar distracters.

Considering the total number of response options generated by 1.9oth samples

of item writers, 71 per cent of those generated by the subject matter

experts differed from 44 another. Similarly, 8Q per cent of the responses

generated by the item writers employing the algorithmic approach were

,-..

dissimilar. 'The number and percentages of different response options de
Q .-

% veloped by each approach axe reported for each item and all items in Table 1.

Insert Table,1 about here

Table 1 provides an indication of the variation in ginerate4 response

options for each approach. However, even if all item writers duplicated

each other's distractersv the percentage of different responses would pe

25 per cent (indicating each.of the four writers had derived the same three

options). Table 2 further explicates Table .1 by reporting how many item

writers for each approach, separately, derived the same response option:

Insert Table 2 about here

Despite classification ,by Roid and Haladyna (1980) as one of the more

objeotive item writing approaches, on one plane the algorithmic approach is

no less "biased" than more traditional approaches to item writing. In:fact,

as Table'S 1 and 2 indicate, the algorithmic approach tended to rdsuft in a

greater variety of response options than the non systematic' approach.

.0

41
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When examined from another perspective"however, the algorithmic

approach may be well be viewed as reactively "unbiased". If indeed the

algorithmic approach does account for rules governing the thought proc-
,.

esses,one might expect response options generated by this approach'to vary /

'according to the number of.proceAes and decision points present in the

correct response algorithm. That is, the more processes. and decision

points, the greater the-chance for student error, and the greater the p.umber

of response pptions. that can be generated. ,

To investigate this possibility, the percentage of dissimilar responst.

options generated by the algorithmically-based.item writers was correlated

with the number of procedures and decision points present in the correct

response algorithm. The resultant correlation was 0.51 (p <.055. This

finding suggests that the algorithmic approach to respons
1
eoption derive-

.

tion isisensitive to.the complexity of the procedure being tested.

Further analyses resulted in a correlationof 0.55 between the-number

of dissimilar response options generated by the two samples of item writers.

dm" a 7

Additionally, the correlation betwten number of dissimilar response options
r

written bythe subject matter specialists and the number'of processes and

decision points in the correct response Algorithms was 0.47. These findings

suggest that subject tatter specia lists may, be intuitively following rules

in deriving their response options.

Findings Concerning Similarity of Response Options Generated by Both Approaches

In addition to a great d of "within-apprgach" variability among rg-

sponse options, a great deal- cross-approach variability was also-apparent.

Table 3 reports the number of response options generated for each of the 20

exercises by writers for both approaches and the number of writers for each

aiproach deriving the same option(s) common to both approaches.

4

S
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Insert Table 3 about here

Table 3 illustrates that there is little commonalitTbetween response

options generated by the two apprqaches. A closer examination,af the actual

response options indicates tlz1, this finding may be attributable, in part;

.

to inherent differences .In'the,two approaches. In sptcific, the algorithmic'''.

'approach discourages individuality inerrors'andepcourages continued'com-

mission-ofan .error once it is 'committed. Thus, for example, in a three-

digit subtraction problem with,borfowing, once item writers using the 0

I

algorithmic approach commit a borrowing error, the same error shOuld be

committed throughout the problem. Whereas, subject utter specialists may

employ their own judgment as to whether or not an error will be continually

committed. 0

Findings Concerning Similarity Between Generated Response Options and Supplied

Responses

A compar s n of response options generated by writers using both

approaches with responses supplied by the sixth-grade students indicates that

relatively few of the distracters produced by either sample of item writers

. correspond with incorrect responses made by the students. Of all incorrect

responses made to the 20,exercises, 13 per cent were identical to response

options generated'by the subject matter specialists and 20 per cent were

the lame as those produceq by the item writers using the algqyithmic approach.
I

Table 4 reports the number of incorrect responses made by the students to

each item as well as the number and per cent of student-supplied responses

corresponding to the response options generated by the two samples of item

writers.

Insert Table 4 about here
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The algorithmically-derived 'distracters matched more of the incorrect

student responses than options derOed by the subject matter experts for

13 of the 20 items. However, neither approach would have FesuLted iri

multiple-choice items 'in which response options matched thetajority'of

incorrect student' responses. FuFthermore, .Eheanalysss summarized in

Table 4 utilized all response options generated by,item writers (i.e. 10,

11 or 12 response options). Etltiple-choice items typically allow only

four or five options. )
.

Interestingly, the'response options generated by the greatest dumber

of itemwriters were frequently not the responses which most often matched,

the correct student responses or the most frequently occurring incorrect

student responses. Consider, for example, Item 8 which was answered incor-

rectly by38 students. nineteen.(or 50 per cent) of these incorrect re-

sponses matched distracters generated by the subject matter specialists

(see,,Table 4). However, the three response options. most frequently generZted
. -

by the subjeCts matter specialists correspondei with only two of thd students'

incorrect responses. In contrast, response options generated by a single

subject matter specialist corresponded, with the iecbrFect responses made
0

by eight students:

This phenomenon is especially problematic with rgspect to the gdnera-

tion of multiple-choice items: constructingItem,8, one had selected

in addition to the 'correct answer,.the three response 6ptions.generated Most

frequently by writers, only 95 (73%) of the student responses would have ,

matched the multiple:-choice optioris. If, on the otherhand, one had

incorporated into Item 8', options less frequently supplied by writers, 110

V

(84%) student responses would have matched the options.

ft
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rs One major contributor to the lack of congruence between the rpsponse
-

,

.options geneiated by the item writers and thd responses supplied by the -

.

students.is,lack of consistenqdAmong the incorrect' responses of students,.

Table 5 reports the number of studenti responding fncortectly to each. item

and the number and percentage of differen, responses to gachitem. A dis-

tinction is drawn between the number ofstuderits missing the item (N Incorrect)

and the, number of students who attempted the item and missed it (N Angwering).

Inza test situation, au unanswered question would most likely.be marked

incorrect. In an analysis of responses, however, qtlestions left unanswered

by, different.studeneb do not necessarily represent the same response or

terfor. Whereas one student may have overlooked the item, another may not

have been able to compute the answer.

Insert Table 5 about here,

The analyses summarised by Table 5 show that among students who answer

addition, subtraction, multiplication and division problems incorrectly,

few arrive at the same inorrect answer. An attempt to analyze the students':,

incorrect responses across items uncovered only one student whose incorrect

responses exhiited a pattern, and for that student, only four of five in-

correct responses followed the pattern. Further analys es uncovered little

relationship between the number of different-incorrect student responses and

the number of processes and decision points in g_correct response algorithm

(r = 0.18, p i.05). It appears from these preliminarYanalysgS that most

, . I
.v

student errors in responding to,this type of test problem are random; that

is, they follow no systematic pattern. Item writers are unlikely to generate
. -

c'

.

.

random error responseoptions, thus in part, explaining the lack of congru-

ence between student responses and the generat

a.

more,, student errors may be compounded, thus partiilly explaining why student

response optionp4 Eurther-

ea,
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responses were so poorly matched to generated.response options, especially

algorithmically derived options.

Discussion

Recent item writing technology has emerged, at least in part, as a
,

responpe to lack of xeplication among item writers. The purposes of this

study were 1) to examine whether or not different item-writers would generate

A

similar multiple-chace response options, and 2rto examine whether or not

the respense options were similar to actual student responses to the same

iteM,stems presented in open-ended format.

In answering the first purpose, two different-methods of item writing

were employed - a non-systematic (subject matter expertise) approach and a
ft

systematic (algorithmic) approach. Findings indicated that neither approach

resulted in very similar responthe options being generated by writers. Although

in one respect this may be vieT0fed as evidence of item' writer bias, frqm another

point of view, this finding may be viewed as evidence of minimization of item

writer biat in that the number of different response options is related to

the underlying difficulty of the item. /

Few options were generated by both.appr4e.ches. By nature, the approaches

4

are very different, therefore, they would not be expected to produce the same

response options. However, a closer inspection4of'the actual options in-

-dicates that the restriction in the algorithmic approach to one error per pass

contrasts with the employment of judgment by subject matter experts.

With regard to the second purpose of the study, student responses to

open-ended items were compared to the responses generated by the two samples

of itemwriters. Few response options produced by either' approach corre-
AR

sponded with the incorrect student responses. Item-writer response options

4 which did correspond to the student responses, were rarely the most frequently,

generedldigtractgrs. .0ne reason fyr the,laCk of congrtTce between item-

4

0

tido,
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writer generated options and student-responses was the variety of incorrect

student responses.

Such variation in incorrect student responses makes it apparent that the

use of multiple-choice items to test basic mathematics operations wilrnot '

"account for 'all student errors'. Therefore, it that. scores on

multiple-choice tests would be, inflated over scores on tests utilizing the

saw items in open-ended format. Students tdo might work problems incorrectly,

in completion format, would in a multiple-choice test be signalled tokework

the problem (or guess) by the absence of an option matching their incorrect

work.
10

.This final assumption is yet to be tested empirically. HOwever, the

a
4

present study provides initial data leading to such a conclusion, and high-

lights some of the ptoblems likely to pe encountered in attempting to,con-

struct'"unbiased" multiple-choice tests.
4

4

c.
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ITEM

1

2

3

4

5

6

7

8

9

10

.11

12

13

14

15

L6

17

,18

19

20

TOTAL

Table 1

Number,anci Percentage of Different Response,Options
Generated by Non-Systematic and Systematic Approaches

It" 11%

,

Approach to t,e 'Generation of Resionse °ans
.

Subject Matter Expertise '

.
-.

Algorithmic Approach

(N different/N written) different (N differeht/N written)
percent

different

.

1/

( 7/12)

( 8/12)

"( 7/12)

( 7/12)
*

( 8/12)

( 6/11)

l' 8/12)

( 6/12)

( 8/12)

( 8/12)

( 9/12)

(10/11)

( 7/12) ,

(10/12)

(10/12)

k 9/10)

(10/12)

( 9/10)

( 8/12)

(11/12)

..

y

58%

66%

58%

58%

66%

55%

66%.

'50%

EP/s

66%

75%

91%

58%

83%

83%

90%

81%

90%

66%

92%

.

,"

,

.

'

.

(10/12)

(10/12)

(11/12)

( 8/12)

( 9/12)

( 6/12)

( 8/12)

( 8/12)

(.7/12)

( 9/12),

(10/12)

(11/12)

( '9-11)

(11/12).

(10/12)

( 9/10)

(11/12)

(11/12)

(11/12)

(12/12)

.

e

.

^

-

.

.

J

83%

83%

92%

66%

75%

,50%

66%

66%

58%

.

75%

83%

92%

75%

52%
,

83A

75%

92%

.92%

92%

100%

'

,

,

(166/234) 71% (191/240) 80% ,

.1 5



Table 2

,Number Each of Diff "nt Response Options Generated
by NonSystematic and Systematic Approaches*

Item

Subject Matter 'LlTpertise

(Number of tkiffererit Writers Deriving Option) (Number of

---.

Algorithmid Aiiproach
Different Response Option, Derived)

1 2 3 4 5 6 7. ,8 9 10 11 12 1 2...,s 3 4 5 6 7 a 9 3,6
- ..

11 12

.

, . .

' - ,

2 3 3 1 1 1 , 1 1 1 2 2 1 1 1 1 1 1 1 '1

3 3 43. 2 1 1 1 1
-

2 1 1 1*- 1 1 1 1 1 1

4" 3 3 2 .1 1 1 1 , 4 2 1 1 1 1 1 1 , 111'. - i .

5' 2 2 1 1 1 -1 . 2 -A.2
e

2 1' 1 1 1

3 ' 1 1 1 1 4 3 2 1 . (1. 1 "-

7 3
.

3.: 1 1 1 1

.
1 1 2 2 2 2 1 1 1, 1

.-

8 3 3 3 1 1 3 2 2 1 1 1 L 1

9 4 2 1 1 1 1 1-, 1 3 2 2 1 1 1 1

10 3 3 1 1 1 1 1 1 2 2 2 1 1 1 1

11 3 2 1 .1, 1 1 1 1 1 2 2 1 1 1 1 1 1 1 i
12 a 2 2 1 1 111 1 1 1 1 2 .1 1 1 1 1 1 1 1 1 'I:

13 2 2 2 1 1, . 3 2 1 1 1 1 1 1 1

14 2 2 1 1 1 1 1 .1 1 1 2 1 1 1 1 1 f 1 1. 1 1 ,

15 . 2 2,..1 1 1 1 1 1 1 1
A 2 2 1 1 1 1 1.1. 1

16 , 1 1 1 1 ,, 1 1 - 1 1 2 2 2 1 1 1 1 1 1

17 - 2 2 -1 1 1 2 1 1 1 1 1 1

18 2 1 1 1 , 1 1 1 2 1 1 1, 1 1, 1 1 1 1

19 3 3 1 1 1 1. 1 1 2 1 1 1 1 1 1 1 1 1 1

20.- .2 1 1. 1 1 1 1
-.,

1 1 1 1 1 1 1

.

1 1 '1 1 1 1 1 1

mbered respopse options do not necessarily correspond across approaches.

9

4 "4
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Table '3
° ,et '

4.

Response Options Generated by Writers of Both Approaches

and Number of Writer's for Each Approach Generating Option.
,,.._..

Iteth

.

Options Generated
by Writers of

Aft'

Both Approaches

. -

Number of
Subject Matter ,

Experts Generating 'Option

. .
Umber of -

Algo-rithmtc ApproaCh
Writers, Generating Option ,

1
, .

1 1 1
. 2

2
. -4 1

2 1 3
. 6 2

2
. . 1 1

3
. 1 3 . 1 ''%

2 1
1

3 1 1

4 1 3 1

2 2 . 2

3 1 1

5 1 3 . 1

4 2 2 2

3 1
2 .

6 i . % 1
1

2 4 . 3

3 3 4

7 1 . 3, 1

2 3 ft. . 2

3 1
2

I. 4 1
1

8 - 1 1 ' . 1
,

2
.

1 3

3 3
, 2

4 3 . 2

5 3 1

9 )2 .
1

1 ,
1

3

3 1
2

4 4 2

5 , 1 1

10 1 1
2

2 3 1 ,,

3 3 1

'4 I 2

11 1 1
1

;-' 2 3 2

3 2 1

12 1 1
1

2 1 1

3, 1 1

13 1 3
3

14 1 2 1

2 1
2

15 1 1 1 ,

2 . 1 1

3 , 2
2

16' 1 1
1 .

2 1 , 2

3 ,1 1

4 2
2

2



Table 3' (continued)

Response Options' Generated by Writers of Both Approaches
and Number of Writers for Each Approach Generating Option

./

7
Item

Options Generated
jpy Write'rs of

Both Approaches

Number of

Subject Matter
Experts Generating'Option.

//
Number of

Algorithmic Approach
,Writers Generating Option

17 0 - N.,

.

-

18 1

2 Or

1

1

1

1 __

19 1 3 2

20 0 ' - -

c,
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Table 4

NumbA and Percentage of Incorrect Student Responses
Matching Distracters Generated by Non-Systematic and Systematic Approaches

e
*

ITEM 1

NUMBER

INCORRECT
t
RESPONSES

Approach to the Generation of Response Optionik
.i,

Subject Matter Expertise Algorithmic Approach

N - % N %

.

1

2

3

4

5

6

7

8

9

10

11

12
. ,-.

13

14

15

16

17

18

19

20

'

..

?

;s

,

1

12

25

18

17

52

13

26

38

31

31'

20

27

69

61

.
71

34

56

56

72

92

.

'

'

.

4

1

2

5

0

1

2

19

3,2

14

.
3

5

3
,

.9 ,

5 -

8

1

2

112.,immo

1

33%

4%
(

11%

29%

--

8%

8%

50t,_,

39%

45%

15%

19%

4%

15%

7%

24%

-,. 2%

4%

17%

1%

7

6

9

7

4

2

5

17
_ _

12

13,

1

11

8

9

7

10

18!'

4

7

5

..

.

/.

-

....

/*

58%

24%

5%

41%

8%

15%

19%

45%-

.39%

42%

,.5%

41% ,
12%

15%

10%

29%

32%

.7%*

10%

5%

'

-

.

-.,.

4

TOTAL 821 109 13% 162 . 20%
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Table 5

Number and Percentage-of Different Responses
Given by Examinees Responding Incorrectly to Completion Items

N=131

Item N Different N Incorrect % N Answering %

1

2

3

4

5

6

7

8

9

10

11

- 12

13

14

15

16

lir-

.A 18

191

20

,

.

.

'

,

8

21

14'

13
.

38

11

19

23

20

A ~17

18

18

45'

7.--50

56

( ,13

- 2.4'

.22

43

44

'

.

k

A

r

4

12

25

18

17

52

J3

26

38

31

31

20

27

69

61

j'l

34

56

56

72

92'

67

84

78

76

73

85

73

61

65

55.

90

67

65

82

79

53

52

39

60

48

b

,

.--

'

,

.

12

25

18
(

16

49

11

. 25

37

28

-

29

-19

25%

,65

55

63

25

44

24

49

53

.4'

.

,

67

84

._78

81

178

100

'76

62
.

- 71

59

95

-72

69

91

89

72

66

92

88

),83

: TOTAL 527 821 64 672 '78
%.

f p


